barley microbiota is required for optimum barley growth in the tested conditions. This study provides novel insights into the dynamics of the composition and under controlled conditions in an agricultural soil and contrasting N treatments. Regardless of the treatment applied, we identified a 'rhizosphere effect' on the and is congruent with earlier studies conducted in barley [12, 13] and other cereal crops 3 1 0 such as maize [18, 19] and rice [20] . What emerged from our investigation is the nitrogen-3 1 1 dependency of this process: the more this mineral is applied through fertilisers, the less 3 1 2 plants tend to recruit a diverse microbiota. Likewise, the magnitude of the 'genotype 3 1 3 effect', was maximal at N0%, when measurements of residual N in the rhizosphere were , while it was nearly "obliterated" at N100%, when concentrations of residual genotypes at N0%, N25% and N100% in Figure 4 ).
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This is reminiscent of the observation that in Medicago truncatula, a model legume
plant, nitrogen availability impacted, in a plant genotype-dependent manner, the bacterial 3 1 9 microbiota recruited at the root-soil interface [21] . Although the modulation of the
rhizosphere microbiota in legumes has been associated to plant genes implicated in the 3 2 1 establishment of symbiosis with N 2 -fixing bacteria rather than nitrogen nutritional status 3 2 2
per se [22] , it is conceivable that this latter modulates, at least in part, host-microbe
interactions at the root-soil interface. For example, nitrogen availability drives the quality and the quantity of plant to plants maintained under optimal nutritional conditions [23] . In turn, these metabolic changes can impact on microbial activity in the rhizosphere [24] . Although additional experiments are required to untangle the molecular mechanisms linking N-availability with grown perennial ryegrass (Lolium perenne), a species which diverged from barley ~22-30 rhizosphere of the tested plants [27] .
The genotype-dependent diversification of the barley microbiota at N0% revealed 3 3 9
that members of the phylum Verrucomicrobia, specifically the orders Pedosphaerales and
Opitutales, among the bacteria preferentially recruited by Desert genotypes (Additional file Supplementary worksheets 27-28) which recently were identified as a 'keystone taxa' in
the common bean rhizosphere microbiota [29] . The fact that we analysed only one soil
and a limited number of plant genotypes makes it difficult to infer first principles, however it is tempting to speculate that nitrogen availability is a determinant of plant-associated These observations motivated us to further investigate the functional potential of the
rhizosphere microbiota under conditions limiting plant nitrogen uptake. Our shot-gun
sequencing approach revealed that these communities are largely dominated by prokaryotes: more than 96% of the annotated sequences were classified as bacteria which
is strikingly similar to a previous investigation conducted in a soil with different physical analysed sequences. Regardless of the potential biases introduced by the selected protocols, the
congruence between amplicon and shotgun sequencing taxonomic profiles prompted us to
reconstruct the functional potential of the barley microbiota using a two-pronged approach.
Shot-gun metagenomics revealed that distinctive traits of these communities include the acquisition & metabolism as the functions displaying the more marked enrichment.
Interestingly, these enrichments are congruent with previous metagenomics study
conducted in barley, but in a different soil type [12] , and in other crops [33] . In parallel we found evidence of genotype-dependent signatures in the functional rhizosphere may underpin either a mutual relationship, whereby rhizosphere microbes
facilitate the release of a "balanced" set of minerals from organic substrate for plant 3 8 8 nutrition [36] or a host-microbe competition for these resources.
Conversely, the Modern varieties were characterised by an enrichment of functions
implicated in RNA metabolism as well as cell wall and capsule. While these latter functions
are reminiscent of a defensive strategy against antimicrobial compounds [37, 38] , an incubation of a substrate with high C/N ratio such as lignin triggers more microbial of sulphate esters into mineral forms available for plant uptake [43] . Conversely, a
Our results point at nitrogen availability for plant uptake as a driver capable of The soil was sampled from the agricultural research fields of the James Hutton Institute,
Invergowrie, Scotland, UK in the Quarryfield site (56°27'5"N 3°4'29"W). This field was left treatment, plants were grown in a randomized design in a glasshouse at 18/14 °C 4 6 7 (day/night) temperature regime with 16 h day length (Additional file 1: Figure S1 ).
6 8
Nitrogen treatments
The nutrient solution applied in this study, i.e. N100%, N25% and N0% are reported were transferred to the growing glasshouse and they reach early stem elongation. Fourteen treatments were applied with a total of 312. Bulk soil and rhizosphere DNA preparation
We organised a randomised design with two factors, sample type and nitrogen recommendations and stored at -20°C.
0 6
Plant and Soil Nitrogen determination 5 0 7
To assess the N content of the plant, at the time of sampling a newly expended leaf Elemental Analyser CE-440 (Exeter Analytical Inc, UK)
The soil content of the pots was sieved through a 2mm mesh sieve. Five grams of 15min at 5,000 rpm, then the supernatant was subject to another round of centrifugation.
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The supernatant was transferred to a falcon tube and analysed in the Discrete Analyser Hutton Institute (Aberdeen, UK). In parallel, ~10 g from the sieved soil was oven dried at Preparation of 16 rRNA gene amplicon pools
The hypervariable V4 region of the small subunit rRNA gene was the target of 5 2 1 amplification using the PCR primer pair 515F (5'-GTGCCAGCMGCCGCGGTAA-3') and 'barcode' for simultaneous sequencing of several samples [48] . PCR reactions, including
No-Template Controls (NTCs) for each barcoded primer, were performed as previously
reported with the exception of the BSA concentration at 10mg/ml per reaction [13] . Only samples whose NTCs yielded an undetectable PCR amplification were retained for further 5 2 8
analysis.
2 9
Illumina 16S rRNA gene amplicon sequencing
The pooled amplicon library was submitted to the Genome Technology group, The
James Hutton Institute (Invergowrie, UK) for quality control, processing and sequencing. paired-end 2x 150 bp reads [48] to generate the sequencing output, the FASTQ files.
3 5
Sequencing reads processing
Sequencing reads were processed and analysed using a custom bioinformatics 5 3 7
pipeline. First, QIIME (Quantitative Insights into Microbial Ecology) software, version 1.9.0, forward and reverse read files from individual libraries were decompressed and merged 5 4 0 using the command join_paired_ends.py, with a minimum overlap of 5bp between reads.
4 1
Then, the reads were demultiplexed according to the barcode sequences and joined by 'fastq_filter' implemented in USEARCH [50] . Only these high-quality PE, length-truncated
reads were used for clustering in Operational Taxonomic Units (OTUs) a 97% sequence
identity. OTUs were identified using the 'closed reference' approach against the chimera- reporting the number of reads assigned to individual phyla, were generated using the matrix, were further used in R for visualizations and statistical analysis. Illumina shot-gun metagenomics: sequencing generation and annotation
We generated a new set of 3 bulk soil and 3 rhizosphere DNA preparations from
each of the three genotypes tested (i.e., 'Desert', 'North' and 'Modern') from specimens Plant-soil feedback experiment and we harvested the residual soil and kept it separated in a genotype-wise manner. We 6 0 7
reasoned that at the end of cultivation the soils would have been enriched for the specific 6 0 8 taxa/functions associated to either genotypes This residual soil, either in a 'native form', 6 0 9
i.e., not further treated after sampling, or after being exposed to a heat-treatment (126°C at N0% and N25% in Additional file 1: Figures S2 and S3 ). At early stem elongation plants
were harvested at their aboveground biomass determined after incubating stems and replicated experiment, the residual soil was collected and arranged in a condition-wise Ltd., Grimsby, United Kingdom). Analysis of the data was performed in R software using a custom script with the Figure 1 Effect of the Nitrogen treatment on plant growth and mineral uptake. agreement n° FP7-609398 (AgreenSkills+ contract).
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